The prevalence of allergic disease has been increasing over the past few decades in the majority of Western industrialized nations. There are some socioeconomic disparities regarding allergic disease status and management. Pyeongwee-San (KMP6) is Korean medicine for the treatment of gastrointestinal tract disease. It is known that KMP6 has an improving effect on the spleen and stomach functions in traditional Korean medical theory. Here, we hypothesized that KMP6 could be used to regulate the inflammatory reaction. We show the molecular mechanisms of Pyeongwee-San (KMP6) on inflammatory reactions. A molecular docking simulation showed that hesperidin, component of KMP6, regulate the enzymatic activity by interaction in the active site of caspase-1. KMP6 control the activity of caspase-1 in activated human mast cell line (HMC-1 cells). KMP6 reduced the expression of receptor interacting protein (RIP)-2 in HMC-1 cells. Thymic stromal lymphopoietin protein production and mRNA expression were inhibited by KMP6. In the activated HMC-1 cells, KMP6 suppressed the activation of mitogen-ativated protein kinase and nuclear factor-kappaB. In addition, KMP6 significantly inhibited the expression of inflammatory cytokines. Our findings indicate that KMP6 may attenuate allergic reactions via the regulation of caspase-1/RIP-2 signaling pathway. These studies will help advance the social welfare system.
INTRODUCTION
The prevalence of allergic disease has been increasing over the past few decades in several countries worldwide (Asher et al., 2006) . 100 to 150 million people are suffering from asthma around the globe, including 6 million children in the United States alone (Camargo, 2009) . Forty-eight percent of children have self-reported symptoms of allergic disease in Asia (Yao et al., 2011) . Boys are more vulnerable to the allergic disorders such as asthma or rhinitis than girls (Yao et al., 2011) . Low-income communities of African-American have higher rates of asthma than other communities (Ford et al., 1996) . A recent study also demonstrates that children living in the inner city are more vulnerable to allergic disease due to high levels of indoor pollutants and allergens (Hansel et al., 2011) .
Allergic diseases, defined as disorders of the immune system, affects approximately one third of the population in Western world and the costs associated with them, directly and indirectly, dominate public health budgets (Miyazaki et al., 2005) . Allergic disease includes asthma, allergic rhinitis (AR), atopic dermatitis (AD), urticaria, conjunctivitis, food allergy, and severe anaphylactic responses. The central effector cells of allergic disease are mast cells (Galli et al., 2008) . Mast cells are involved in the progress of immediate type immune reaction as they release histamine, prostaglandins D 2 , leucotriene C 4 , chemokines, and cytokines such as interleukin (IL)-1β, IL-6, or tumor necrosis factor (TNF)- (Galli et al., 2008) .
Thymic stromal lymphopoietin (TSLP) is associated with AR and AD (Bunyavanich et al., 2011; Ziegler et al., 2010) . It might initiate Th2 polarization through an OX40-dependent mechanism that affects dendritic cells (DC) activity (Ziegler et al., 2010) . TSLP also stimulates mast cells to produce interleukin (IL)-5, IL-6, IL-13, and granulocyte macrophage colony-stimulating factor (Allakhverdi et al., 2007) . TSLP was expressed by tumor necrosis factor (TNF)-α and IL-1β in human airway smooth muscle cells via mitogen activated protein kinase (MAPK), p38, and extracellular signal-regulated kinase (ERK) signaling pathway (Zhang et al., 2007) . Recently, we reported that TSLP was expressed and produced by caspase-1 and nuclear factor (NF)-κB activation in mast cells (Moon et al., 2011) .
Cystein-aspartic acid protease (caspase)-1 activation is mediated by cytosolic protein complexes termed inflammasomes, which function in various immune cells. Caspase-1 is characterized by its ability to activate the inactive precursors of IL-1 and IL-18 (Lee et al., 2004) . IL-1 is a proinflammatory cytokine which is proteolytically processed to its active form by caspase-1. The nuclear translocation of NF-B is seen after the activation of mast cells by IL-1 (Lee et al., 2004) . Therefore, caspase-1 could theoretically contribute to NF-B activation through the autocrine action of IL-1 on cell surface receptors (Wu et al., 2009) Traditional Korean medicines were developed from simple drugs to combined drugs in order to cure diseases. The meanings the spleen and the stomach hold in Korean medicine are much more than that of the digestive organ system of modern medicine. Generally, the fact traditional drugs that strengthen the functions of the spleen and the stomach can be used to improve troubles that not only gastrointestinal problem, but also respiratory systemic mucosal inflammation such as rhinitis (Oh et al., 2012b) . Based on it, old idea of Korean medicine that the spleen and stomach functions play an important role in the activities of the whole body. Recently, some studies reported that digestive tract disease is closely associated with allergic inflammatory diseases (Leung 2000) . Therefore, in the current field of Korean medical clinics, many practitioners who treat allergic diseases apply treatments that improve the functions of the spleen and the stomach (Oh et al., 2011) . Pyeongwee-San (KMP6) has frequently been used for the treatment of digestive tract disease as a traditional medicine in Korea. KMP6 has an improving effect on the spleen and stomach functions. Hesperidin, an active component of KMP6 potently regulates stem cell factor (SCF)-induced migration through the hindering of SCF and c-kit binding in mast cells . Recently, we also reported that KMP6 has the regulatory effect in AR and AD animal model (Han et al., 2012; Oh et al., 2012a) . However, it has not been sufficiently clarified how KMP6 and its active compound, hesperidin, modulate the responses of mast cells. Therefore, we examined whether KMP6 can regulate the TSLP production and caspase-1 activation in phorbol 12-myristate 13-acetate (PMA) and calcium ionophore A23187 (PMACI)-stimulated human mast cells (HMC)-1.
MATERIALS AND METHODS

Materials
PMA,
A23187, dimethyl sulfoxide, 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide, hesperidin, glycyrrhizin, dexamethasone, and other reagent were purchased from Sigma (St. Louis, MO, USA). Iacove's midified Dulbecco's medium (IMDM) and fetal bovine serum (FBS) were purchased from Gibco BRL (Grand Island, NY, USA). Anti-human TSLP, IL-1, IL-6, and TNF- biotinylated anti-human TSLP, IL-1, IL-6, and TNF-, recombinant human (rh) TSLP, IL-1, IL-6, and TNF- were purchased from Pharmingen (San Diego, CA, USA). Antibodies (Abs) for caspase-1, RIP-2, p38, pp38, JNK, pJNK, NF-κB, IκBα, and b-actin were obtained from Santa Cruz Biotechnology (Santa Cruz, CA, USA). The caspase assay kit was supplied by R&D Systems Inc. (Minneapolis, MN, USA).
Cell culture
HMC-1 cells have been established from the peripheral blood of a patient with mast cell leukemia (Butterfield et al., 1988) . HMC-1 was grown in IMDM supplemented with 100 U/ml penicillin, 100 mg/ml streptomycin, and 10% heat inactivated FBS at 37°C, 5% CO2 and 95% humidity. . HS-PS granules were prepared by dissolving in DW and being autoclaved for the sterilization and kept at 4°C. HS-PS granules (3.5 g) contained some excipients (1.7 g). We made the dose of HS-PS (2 mg/ml) two times stronger than KMP6 (1 mg/ml).
Preparation of KMP6
ELISA
Secreted TSLP, IL-1, IL-6, and TNF- in culture supernatants were measured according to the manufacturer's specification (Pharmingen, San Diego, CA, USA)
RNA isolation and RT-PCR
Total RNA was isolated from HMC-1 according to the manufacturer's specifications using an easy-BLUE RNA extraction kit (iNtRON Biotech, Korea). Total RNA (2.0 µg) was heated at 65C for 10 min and then chilled on ice. Each sample was reverse-transcribed to cDNA for 90 min at 37C using a cDNA synthesis kit. RT-PCR was carried out with 1 μl of a cDNA mixture, in 20 μl final volume with 2.5 mM MgCl 2 , 200 mM dNTPs, 25 pM cytokine primers, and 2.5 U of TaqDNA polymerase in the reaction buffer (50 mM KCl, 10 mM Tris-HCl, pH 9, and 0.1% Triton X-100). PCR was performed with the following primers for human TSLP (5'-TAT GAG TGG GAC CAA AAG TAC CG-3' and 5'-GGG ATT GAA GGT TAG GCT CTG G -3'); IL-1 (5 CCG GAT CCA TGG CAC CTG TAC GAT CA 3; 5 GGG GTA CCT TAG GAA GAC ACA AAT TG 3); IL-6 (5 GAT GGATGC TTC CAATCT GGAT 3; 5 AGT TCT CCATAG AGA ACA ACA TA 3); TNF- (5 CAC CAG CTG GTT ATC TCT CAG CTC 3; 5 CGG GAC GTG GAG CTG GCC GAG GAG 3); GAPDH (5'-CAA AAG GGT CAT CAT CTC TG-3' and 5'-CCT GCT TCA CCA CCT TCT TG-3'). Products were electrophoresed on a 1.5% agarose gel and visualized by staining with ethidium bromide.
Molecular docking simulations
Molecular docking simulation job was performed by Glide module in Maestro 9.2 software. All compounds were docked to caspase-1 in flexible mode. The three-dimensional coordinates for the caspase-1/z-VAD-FMK complex (PDB id 2HBQ) were downloaded from RCSB Protein Data Bank. To prepare the model system for caspase-1, z-VAD-FMK inhibitor structure was manually deleted. The protein was prepared for following grid generation using the Protein Preparation Wizard tool in the Maestro package. With this tool, all hydrogen atoms were added to caspase-1, protonation states were optimized, and structural waters near the heavy atoms were preserved. The modeled protein structure was further relaxed using energy-minimization method. Molecular grid was prepared for the caspase-1 using the Receptor Grid Generation tool in Glide with the 20 Å of cubic box. To obtain accurate binding mode and affinity data, docking was conducted under XP mode with Glide XP 5.0 scoring function. The highest-scoring docked pose for each ingredient with caspase-1 was ranked according to the Glide Score.
Caspase-1 activity
The enzymatic activity of caspase-1 was assayed using a caspase colorimetric assay kit according to the manufacturer's protocol. The lysed cells were centrifuged at 15,000 × g for 5 min. The protein supernatant was incubated with 50 μl reaction buffer and 5 μl caspase substrate (WEHD-p-nitroaniline) at 37C for 2 h. The absorbance was measured was measured using a plate reader at a wavelength of 405 nm. Equal amounts of the total protein from each lysate were quantified using a bicinchoninic acid protein quantification kit (Pierce, Rockford, IL, USA).
Western blot analysis
For analysis of protein level of indicated proteins in the text, stimulated cells were rinsed twice with ice-cold phosphate buffered saline (PBS) and then lysed in ice-cold lysis buffer (PBS containing 0.1% SDS, 1% triton and 1% deoxycholate). Cell lysates were separated through electrophoresis, the protein was transferred to nylon membranes by electrophoretic transfer. The membranes were blocked in 5% skim milk for 2 h, rinsed and incubated overnight at 4C with primary Abs (Santa Cruz Biotechnology, Santa Cruz, CA). After three washes in PBS containing 0.05% Tween-20 (PBST), the membranes were incubated for 1 h with horse radish peroxidase-conjugated secondary Abs. After three washes in PBST, the protein bands were visualized by an enhanced chemiluminescence assay following the manufacturer's instructions.
Transient transfection and luciferase assay
The luciferase activity was measured according to the manufacturer's specification using Lipofectamine™ 2000 (Invitrogen, Carlsbad, CA, USA). The relative luciferase activity was defined as the ratio of firefly luciferase activity to renilla luciferase activity.
Statistical analysis
Results were expressed as the mean ± S.E.M. of independent experiments, and statistical analyses were performed by one-way analysis of variance with Tukey post hoc test to express the difference between groups. A value of p < 0.05 was considered to indicate statistical significance.
RESULTS
Docking simulations of the components of KMP6 and caspase-1 interaction
Recently, we reported that caspase-1 plays an important role in allergic inflammatory reactions in mast cells (Moon et al., 2011) . To predict the caspase-1 potentially active component in the KMP6 for caspase-1, docking simulations were performed using molecular docking software. Table 1 summarizes the final docking scores of each component bound to the caspase-1 active site. Caspase-1 inhibitor (z-VAD-FMK) was used as a positive control. The data for docking scores indicated that glycoside compounds including licuraside, hesperidin, glycyrrhizin, and poncirin were suitable binders for the caspase-1 structure because they ranked the highest docking score. KMP6 contains hesperidin about 5.26 mg/g and glycyrrhizin about 2.60 mg/g (data not shown). Hesperidin is a major component of KMP6. In this study, hesperidin was selected for a further evaluation after considering its applicability and attainability. We selected the concentrations of KMP6 (0.01, 0.1, and 1 mg/ml) and hesperidin (10 μg/ml) in accordance with our previous report .
Effect of KMP6 on caspase-1/RIP-2 expression in HMC-1 cells Binding mode of hesperidin-caspase complex was analyzed to understand the inhibitory mechanism of hesperidin at the atomic level. From the molecular docking simulations, hesperidin was complexed into the active site of caspase-1 like as z-VAD-FMK (Fig. 1A) . Arrangement of the loop structure of caspase-1 surrounding hesperidin provided a stable docking site for this compound. In particular, caspase residue showed special inter-atomic contacts such as hydrophobic interaction or hydrogen bonding with the hesperidin (data not shown). Asp381, Arg383, and Trp340 of caspase-1 showed close atomic contacts with the flavonoid moiety of hesperidin. Hydrogen bonding was also found in Ser339, Arg341, and His237 of caspase-1 with the sugar ring of the hesperidin (Fig.  1B) . The docking study suggests that the planar structure of the flavonoid moiety of hesperidin is decisive factor to fix into crevasse form around the active site of caspase-1 supported by hydrophilic contacts made by additional sugar residues in the hesperidin. To confirm the effect of hesperidin in vitro, we investigate the effect of KMP6 and hesperidin on caspase-1 activation induced by PMACI. Western blot analysis for caspase-1 was performed. Caspase-1 activation was significantly decreased with KMP6 and hesperidin treatment ( Fig. 1C and D , p < 0.05). We also measured the effect of KMP6 and hesperidin on caspase-1 activation using a (Fig. 1D , p < 0.05). HS-PS and dexamethasone also significantly reduced the caspase-1 activity (p < 0.05). RIP-2 expression induces caspase-1 oligomerization, and promotes its activation (Kimura et al., 2006) . Then, caspase-1 induces pro-inflammatory cytokine maturation (Galli et al., 2008) . We performed a Western blot analysis to determine the effect of KMP6 and hesperidin on RIP-2 expression induced by PMACI. The results indicated that KMP6, hesperidin, HS-PS, or dexamethasone suppressed RIP-2 expression induced by PMACI (Fig. 1C) .
KMP6 inhibits TSLP protein production and mRNA expression
To assess the regulatory effects of KMP6 and hesperidin on TSLP secretion, cells were treated with KMP6 or hesperidin for 1 h prior to stimulation with PMACI for 8 h. Culture supernatants were assayed for TSLP protein levels by the ELISA method. Dexamethasone (10 nM) was used as a positive control. As shown in Fig.2A, KMP6 , hesperidin, or HS-PS significantly inhibited the PMACI-induced TSLP secretion (p < 0.05). Cell cytotoxicity by KMP6, hesperidin, HS-PS, or dexamethasone was not observed (data not shown). We also performed a RT-PCR analysis for TSLP mRNA expression. The TSLP mRNA expression up-regulated by PMACI was decreased by the treatment with KMP6, hesperidin, HS-PS, or dexamethasone (Fig. 2B) .
Effect of KMP6 on MAPK phosphorylation in HMC-1 cells
The activation of MAPK induced TSLP expression (Choi et al., 2007) . To determine the effect of KMP6 and hesperidin on MAPK activation induced by PMACI, Western blot analysis for phosphorylated p38 and JNK was performed. The cells were pretreated with KMP6, hesperidin, HS-PS, or dexamethasone for 1 h and then treated with PMACI for 30 min. The result showed that MAPK phosphorylation was increased by PMACI, but the treatment of KMP6, hesperidin, HS-PS, or dexamethasone suppressed the p38 and JNK phosphorylation in PMACI-stimulated cells (Fig. 3) .
KMP6 inhibits NF-κB activation and IκB degradation
The expression of TSLP was regulated by the transcription factor, NF-κB (Faubel et al., 2007) . KMP6 or hesperidin decreased the expression level of NF-κB (p65) in the nucleus (Fig. 4A) . To examine whether the inhibitory action of KMP6 or hesperidin was due to its effects on IκB degradation, we investigated the cytoplasmic levels of IκB protein with a Western blot analysis. The expression level of IκB in the cytoplasm was increased by the treatment with KMP6 or hesperidin. Next, we examined whether KMP6 or hesperidin could modulate the luciferase expression specifically via NF-κB activation. As shown in Fig. 4B , the increased activity was significantly decreased by the treatment with KMP6 or hesperidin (p < 0.05).
Effect of KMP6 on inflammatory cytokines secretion and mRNA expression in HMC-1 cells
To assess the regulatory effect of KMP6 and hesperidin on IL-1, IL-6, and TNF- secretion, we treated HMC-1 cells with PMACI for 8 h and we used the ELISA to analyze the supernatants for cytokines. The treatment with PMACI increased the IL-1, IL-6, and TNF- secretions from HMC-1 cells. KMP6 and hesperidin significantly inhibited PMACI-induced IL-1, IL-6, and TNF- secretions (Fig. 5A -C, p < 0.05). The maximal inhibition rate of IL-1, IL-6, and TNF- secretions by KMP6 (1 mg/ml) were about 99.86%, 35.05%, and 75.90% respectively. The inhibitory effect of KMP6 1 mg/ml is higher than that of KMP6 2 mg/ml on cytokine secretion. HS-PS (2 mg/ml) significantly inhibited the IL-1, IL-6, and TNF- secretions (about 100.10% for IL-1, 37.02% for IL-6, 35.10% for TNF-, p < 0.05). The inhibitory effect of KMP6 (1 mg/ml) is similar to the effect of HS-PS on inflammatory cytokine secretion. Dexamethasone also significantly inhibited the inflammatory cytokine secretion (p < 0.05). Using the pretreated HMC-1 cells described above, we also performed a RT-PCR analysis for IL-1, IL-6, and TNF- to determine whether KMP6 modulated PMACI-induced cytokines expressions. IL-1, IL-6, and TNF- mRNA expressions were up-regulated by PMACI stimulation but the up-regulated cytokine mRNA expressions were decreased with KMP6, hesperidin, HS-PS, or dexamethasone treatment (Fig.  5D ). 
DISCUSSION
The symptoms of allergic diseases affect individual's life in many ways, to name a few, activity restriction, sleep deprivation, reduced school attendance rate, poor work performance, feeling isolation and depression (Miller and Cohen, 2001) . Asthma is the leading cause of activity limitation. People with asthma are reported to experience more than 100 days of restricted activity annually (Bailey et al., 1992) . The condition of allergic diseases exerts a significant economic burden on society due to its impact on quality of life and the cost of treatment. The direct medical costs for allergic rhinitis (AR) in the US are estimated about $US2-5 billion, and indirect costs estimates vary from $US1.7 billion to $US 6.3billion depending on assumptions for work productivity losses in 2003 values. (Reed et al, 2004) . Allergic diseases have developed from complex interactions between genes and environment. Allergic diseases, including a number of chronic diseases with no cure, currently affects almost one-fifth of the population of industrialized nations. Treatment can be challenging for physicians and patients alike. In previous studies, we systematically investigated the effects of various traditional medicines on allergic inflammatory reactions. Herbal remedies and botanicals are widely used by humans for both preventative and curative purposes. Traditional medicinal herbs have many benefits, few (if any) side effects, and display low cytotoxicity, and so the search for the use of natural products in traditional medicine is currently attracting intense interest. As part of our continuing search for clinically effective anti-allergic inflammatory agents from oriental medicines, we investigated KMP6 as a basic prescription of digestive disorders. Recently, we reported that digestive tract disease is closely associated with allergic disease . KMP6 consists of 6 different herbs. Atractylodes rhizoma has been used for eliminating dampness, strengthening the spleen, expelling wind, and clearing away cold in traditional Korean medicine for centuries (Kimura et al., 2006) . As for the chemical constituents of the Atractylodes rhizoma, many sesquiterpenoid glycosides and essential oils were reported (Kitajima et al., 2003) . It contains sesquiterpenoids (1.5-3.0% by weight), such as atractylenolide -I, -II, and -III, atractylon, and 3â-acetoxyatractylon, as well as polyacetylene compounds, such as (6E,12E)-tetradecadiene-8,-10-diyne-1,3-diol mono acetate, (6E,12E)-tetradecadiene-8,10-diyne-1,3-diol, and 6-methyl-2-geranyl-p-benzoquinone (Sakurai et al., 1993) . Kang et al. (2011) found that atractylenolide-III had an anti-inflammatory effect. Citrus unshiu is minister medicinal of KMP6 as called 'Jinpi' in Korea. Citrus unshiu has many ingredients such as hesperidin, limonene, naringin, nobiletin, b-sitosterol, stigmasterol, Terpinen-4-ol, and vitamin C. Hesperidin (approximately 4.5 -10%), a main component of Citrus unshiu, has been reported to exhibit anti-inflammatory and antioxidant effects (Arafa et al., 2009; Choi et al., 2007) . In addition, previous studies have revealed that citrus flavonoids such as naringin and nobiletin were found in anti-cancer, cardiovascular and anti-inflammatory activities (Benavente-García et al., 2008) . Magnoliae cortex is the assistant medicinal of KMP6 and called 'Hubak' in Korea. Main compounds of Magnoliae cortex are known to magnolol, honokiol, and machiol. Magnolol is recently prime component for the efficacy in the inflammation via NF-kB activation (Tanaka et al., 2007) . Moreover, magnolol also has the suppressive effect of various cancer cell proliferations as a chemoprevention therapeutic agent (Lee et al., 2009) . Glycyrrhizae radix is a famous herbal in traditional Korean medicine because it contains the component of the prescription a lot, as one of the most active research. Glycyrrhizae radix includes glycyrrhzin, flavonoid, saponin, coumarin, essential oil, phytosterol, tannin, and other substances. Glycyrrhizin (approximately 6 -10%), a major ingredient of Glycyrrhizae radix has chemopreventive activities on tumor promotion and anti-inflammatory effects (Takei et al., 2006) . In this study, KMP6 and hesperidin inhibited PMACI-induced inflammatory cytokine expression on HMC-1 cells. KMP6 and hesperidin also inhibited MAPK activation. Therefore, we suggest that KMP6 has an anti-inflammatory effect by preventing the inflammatory reaction pathway.
Recently, Taylor et al. (2009) reported that TSLP regulates intestinal immunity and inflammatory reaction in helminth infection and colitis. Miyata et al. (2008) reported that mast cells play a critical role in TSLP expression in the nasal epithelium in allergic rhinitis and subsequent development of the disease. TSLP, derived from epithelial cells, has been shown to be capable of activating CD11 myeloid DC to up-regulate costimulatory molecules, leading to the differentiation of CD4+ T cells into Th2 cells. Therefore, it plays a key role in the development of allergic diseases such as asthma or AD (Ziegler et al., 2006) . We reported for the first time that KMP6 and hesperidin reduced TSLP production and expression. Therefore, we found that hesperidin is an active compound of KMP6 on TSLP expression in mast cells.
Caspase-1 is a member of caspases with large prodomains and its activation is involved in apoptosis and inflammation The cells were pretreated with various concentrations of KMP6 (0.001 -2 mg/ml), HS-PS (2 mg/ml), hesperidin (10 mg/ml), or dexamethasone (10 nM) for 1 h prior to PMACI stimulation for 8 h. Secreted cytokine levels in culture supernatants of cells were measured by the ELISA method. (D) The cells were pretreated with KMP6 (1 mg/ml), HS-PS (2 mg/ml), hesperidin (10 mg/ml), or dexamethasone (10 nM) for 1 h prior to PMACI stimulation for 5 h. The total RNA was assayed by an RT-PCR analysis. Results are representative of three independent experiments. Data represent mean ± S.E.M. of three independent experiments. *p < 0.05: significantly different from the PMACI-stimulated cells.
# p < 0.05: significantly different from unstimulated cells. DEX, dexamethasone. (Faubel et al., 2007) .The activation of caspase-1 regulates the inflammation via secretion of pro-inflammatory cytokines and recruitment of neutrophil (Faubel et al., 2007) . It was reported that caspase-1-/-mice have decreased the secretion of IL-6 after stimulation with lipopolysaccharide (Kuida et al., 1995) . RIP-2 is a specific adaptor molecule, and regulates the activation of caspase-1 (Lee et al., 2001) . Other study showed that RIP-2 knockout reduced secretion of the pro-inflammatory cytokines such as TNF-α and IL-6 (Kobayashi et al., 2002) . These studies suggested that the activation of RIP2/caspase-1 is an attractive target for therapeutic of inflammatory diseases. Caspase 1 induced the TSLP expression via activating the NF-κB (Moon et al., 2011) . Therefore, we postulated that KMP6 and hesperidin mediate its effects at least partly through the suppression of RIP2/caspase-1/NF-B activation. In this study, we confirmed that KMP6 and hesperidin suppressed the RIP-2, caspase-1, and NF-B activation induced by PMACI. This result suggested that the inhibitory effects of KMP6 and hesperidin on TSLP secretion might be derived through the regulation of RIP2/caspase-1/NF-B signal pathways.
Allergies are associated with impairment of health-related quality of life (HR-QoL), including physical, social, emotional functioning and well-being of patients (Parker-Oliver, 2005) . In this study, we identified the new effect of KMP6. Therefore, KMP6 may help improve the quality of life in allergy patients.
